Background: The SYNTAX score for decision makings or outcome predictions in coronary artery disease does not account for the variations in the coronary anatomy, which is a clear fallacy for patients with less typical anatomy than suggested by the SYNTAX score. The current study aimed to derive a new coronary angiographic scoring system accommodating the variability in the coronary anatomy.
Introduction
Coronary flow-limiting lesions and their relative importances have been considered a primary determinant of survival in patients with coronary artery diseases (CAD) (1) (2) (3) . Therefore, therapeutic strategy selection and outcome prediction would likely be improved by risk-scores being able to fully account for coronary anatomy variations. However, data in this regard are lacking.
In the Leaman score, the weighting factors of coronary segments are assigned according to the proportionate blood flow directed to left anterior descending artery (LAD), left circumflex (LCX) or right coronary artery (RCA), wherein coronary dominance is simply divided into right or left (4) . Thus, the Leaman score is far from reflecting the variability in coronary anatomy. The SYNTAX (SYNergy between PCI with TAXUS™ and Cardiac Surgery) score, based on this Leaman score, therefore has significant limitations to accommodate the variability in the coronary anatomy (5) . A case in point is that, according to the SYNTAX score, the weighting factor of RCA is constantly 1.0 in right RCA dominant circulation, regardless of its size. However, its size and distribution vary greatly among individuals. A Coronary Artery Tree description and Lesion EvaluaTion (CatLet) angiographic scoring system has therefore been designed to reflect this variability in the coronary anatomy.
Acknowledged rules and classifications
This CatLet score has been developed based on the following rules and classifications:
The American Heart Association (AHA) classification of the coronary artery segments (6) ;
17-myocardial segment model (7) ; Competitive coronary blood supply; Law of flow conservation (8) ;
The SYNTAX score (9) .
Definition of the coronary tree segments
The definition of the coronary tree segments is based on the classification proposed by the AHA (10) and further modified for this CatLet angiographic scoring system ( Figure 1) .  Seg 1. RCA proximal: adopted as in the SYNTAX score;  Seg 2. RCA mid: adopted as in the SYNTAX score; 17-myocardial segment model and proposal of a benchmark type of coronary circulation and its weighting factor assignment
The 17-myocardial segment model is based on the approximately even division of the left ventricle (LV) (7) , each segment can thus be understood either as 1 mass unit or 1 actual flow unit given the actual myocardial blood is proportional to muscle mass (11) . The importance of a blood vessel (weighting factor) depends on how many segments the blood vessel supplies rather than on the nomenclature of the blood vessel. Although there is variability in the coronary artery blood supply to the myocardial segments, it is generally considered appropriate to assign individual segments to specific coronary artery territories, which is defined as the benchmark type in this study (12) . The assignment of the 17-myocardial segments to one of the 3 major coronary arteries is recommended by AHA Scientific Statement as follows: LAD supplies 7 segments: 1, 2, 7, 8, 13, 14, and 17; LCX supplies 5 segments: 5, 6, 11, 12, and 16; and RCA supplies 5 segments: 3, 4, 9, 10, and 15. Correspondingly, weighting factors are 7.0 for LAD, 5.0 for LCX, and 5.0 for RCA in this benchmark type. Specifically, LAD divides into LADex (excluding diagonals) and diagonals, supplying 4 segments and 3 segments, respectively; RCA divides into PDA and PLVs, supplying 2 segments and 3 segments, respectively. Correspondingly, weighting factors are 3.0 for diagonals, 2.0 for PDA, and 3.0 for PLVs in this benchmark type.
Competitive coronary blood supply accounts for the variability in the coronary artery tree among individuals RCA and LCA provide competitive patterns of blood supply for the entire LV. Specifically, LAD competes with PDA; diagonals compete with OMs off LCX; and PLVs off RCA competes with PLVs off LCX in supplying the LV. A large RCA is associated with a small LCA; large diagonals are associated with small obtuse marginal arteries; large PLVs off RCA are associated with small PLVs off LCX; a long LAD is associated with a short PDA, and vice versa. We propose a reclassification scheme of the coronary artery circulation pattern in order to reflect this variability.
Reclassification of RCA dominance
The size of RCA is defined depending on the distribution of the LCX according to the rule of competitive blood supply. The stem LCX (not its branches) usually runs in the left atrio-ventricular sulcus (LAVS). Therefore, the stem LCX's course on the cineangiograms can be utilized to indicate the LAVS. The crux cordis approximately falls upon the perpendicular line via the aorta ostium of the LCA (aorta wall). The crux cordis is the intersection point of the perpendicular line with the LAVS. In the left anterior oblique (LAO) 40º/cranial 20º view, LAVS runs from the upper right to the lower left, starting at the junction of the first quarter of the leftmost margin of the left heart with an approximately 90˚ angle referring to the left heart margin and terminating at the crux cordis ( Figure 2 , Figure 2M ).
 PDA zero (left dominance): RCA gives no rise to any branches supplying the LV. The entire LV is supplied by LCA (Figure 2A) .  PDA only: the stem LCX gives rise to a significant branch from the last third of the LAVS immediately next to the crux cordis to supply the entire inferior wall in the LAO 40º/cranial 20º view. RCA provides only blood flow to the inferior septum ( Figure 2B ).  Small RCA: the stem LCX gives rise to a significant branch from the second third of the LAVS to supply a portion of the inferior wall in the LAO 40º/cranial 20º view. RCA provides blood flow to the inferior septum and the remaining portion of the inferior wall ( Figure 2C ).  Average RCA: the stem LCX gives rise to a significant branch from the first third of the LAVS to supply the inferolateral wall in the LAO 40º/cranial 20º view. RCA provides blood flow to the inferior septum and the entire inferior wall ( Figure 2D ).  Large RCA: the stem LCX only gives rise to branches to supply the anterolateral wall in the LAO 40º/cranial 20º view. RCA provides blood flow to the inferior septum, the inferior wall and the inferolateral wall ( Figure 2E ).  Super RCA: the stem LCX gives rise to relatively small branches to supply a portion of the anterolateral wall in the LAO 40º/cranial 20º view. RCA provides blood flow to the inferior septum, the inferior wall, the inferolateral wall and the remaining portion of the anterolateral wall ( Figure 2F ). 
Reclassification of Dx size
The diagonal-obtuse marginal area (DOMA) of the LV is competitively perfused by both Dx off LAD and OM off LCX. In the LAO 40º/cranial 20º view, the DOMA takes on the approximate shape of a spindle delineated by discernable anatomic markers on coronary angiograms. Before giving rise to obtuse marginal arteries, initial stem LCX courses usually transversely in the LAVS and delineates the upper border of the DOMA. LAD almost constantly courses in the anterior interventricular sulcus and delineates the right boundary of the DOMA. The DOMA's left and inferior margins are recognizable because of sufficient contrast between the heart margin and its surrounding tissues on cineangiograms. An imaginary line 1 starting from the apex divides the DOMA into 2 similar portions. Another imaginary line 2 perpendicular to the line 1 at its midpoint also divides the DOMA into 2 portions. Thus, we get 4 quadrants counterclockwise over the DOMA: I, II, III, and IV as shown in Figure 2N .  Small Dx: Dx distributing over ≤2 quadrants with approximately 1.5 or less segments ( Figure 2G ).  Inter. Dx: Dx distributing over 3-4 quadrants with approximately 1.5-3 segments ( Figure 2H ).  Large Dx: Dx distributing over >4 quadrants in excess of 3 segments ( Figure 2I ).
Reclassification of LAD length
 Short LAD: LAD terminates before the apex and supplies the entire anterior septum with approximately 3 segments ( Figure 2J) ;  Average LAD: LAD reaches the apex and supplies the whole anterior septum and the apex with approximately 4 segments with a terminal shape of inverted Y' ( Figure 2K) ;  Long LAD: LAD turns around the apex notch and runs further in the posterior interventricular sulcus, supplying the whole anterior septum, apex and a portion of posterior septum with approximately 5 segments ( Figure 2L) . Six types of RCA dominance, 3 types of Dx size, and 3 types of LAD length together result in a total of 54 patterns of coronary artery circulation, which are used to account for the variability in coronary anatomy among individuals.
According to the law of flow conservation (8), a parent vessel equals the sum of its daughter vessels in terms of blood flow. Weighting factor assignment strictly follows this law. Based on the standard 17 segment model of the LV, the weighting factors are derived from the abovedescribed anatomic details of RCA, LAD, LCX or their branches (variations in coronary anatomy). The benchmark pattern of coronary circulation is used as reference and weighting factors with discrete values are added to account for the variations in the circulation pattern. Use of preset, discrete incremental values is a compromise between the convenience of clinical use and the variability in coronary artery circulation. A preset incremental value of 1 or 1.5 was used to describe differences in LAD length, in diagonal size or in RCA supply territory. This approach, in combination with the rule of competitive blood supply and the law of flow conservation (8), allows to derive the weighting factors as shown in Figure 3 for all the coronary artery segments in the 54 patterns of coronary artery circulation. Based on these weighting factors, we developed a new CatLet angiographic scoring system accounting for the variability in the coronary anatomy.
Lesion scoring and the need for adapting modifications
The lesion score was a product of the weighting factor (W) of a blood vessel and its degree of stenosis (9) . Separate lesion scores were then added to derive the total score. In this CatLet scoring system, only lesions with ≥50% diameter stenosis on vessels >1.5 mm in diameter were scored while all the non-stenosis adverse characteristics pertinent to the lesions were no longer scored, but only qualitatively recorded.
Within one segment, however, direct scoring will overestimate the severity of coronary artery disease in the presence of side branches preceding the main branch (MB) lesion regardless of their normal or diseased status. We will explain the need for adapting modifications with the scenario 1 as listed below (Figure 4) . In this scenario, suppose the weighting factor is 7.0 for the segment and 3.0 for the side branch (SB). The MB of the segment divides into proximal or distal MB referring to the SB. According to the law of flow conservation, the weighting factor for the distal MB is 4.0. Within one segment, an occlusive lesion for this segment distal to the SB is scored as 7.0×5=35.0 according to the CatLet scoring algorithm. Actually, the distal MB lesion's weighting factor is only 4.0 because of the presence of the SB preceding the occlusion lesion. Hence, the CatLet scoring algorithm overestimates the severity of the occlusive distal MB lesion. The scoring values for this segment should be modified for 7.0×5−3.0×5=20.0 using formula: S = subtotal score − W SBs × 5. All the vessels are required to be modified if appropriate regardless of their sizes. Six scenarios required to be modified according to the corresponding formulas were elaborated online (http: // www.catletscore.com).
Software-based CatLet score algorithm
The CatLet score calculation is feasible by use of a computer program consisting of sequential and interactive self-guided questions. The calculator and its elaborate tutorial are available at http://www.catletscore.com. The IE browser is required to run this calculator. Table 1 . The first question includes 3 sub-questions: RCA dominance, Dx size and LAD length. Answering to these 3 sub-questions will define one of 54 types of coronary artery circulation proposed in this angiographic scoring system. The second question includes two options: option 1 is for recording normal coronary artery anatomy; and option 2 (most important) is for evaluating the lesions. Question 3 addresses the lesion-based unlimited segment selection. Question 4 addresses 9 lesion types: (I) native nonocclusion; (II) in-stent non-occlusion; (III) native acute total occlusion (ATO); (IV) in-stent ATO; (V) native chronic total occlusion (CTO); (VI) in-stent CTO; (VII) stented vessels; (VIII) ballooned vessels; and (IX) calcified vessels. We will elaborate on the scoring algorithm immediately below with non-occlusion or ATO lesions as examples. For other lesion types, you can visit the online tutorial.
For non-occlusion or ATO lesions, questions 5-11 address the lesion-based evaluation, where we qualitatively record the adverse characteristics as "Yes" or "No" in our scoring system. Question 12-14 addresses treatments, among which the stenting strategy is classified according to the MADS classification recommended by European Bifurcation Club (13) . Question 15 addresses scoring modification if necessary. Upon completion of question 15, the algorithm proceeds to the last question or to another cycle of "add another lesion". The last question of the CatLet score algorithm is to describe the anatomy of the native coronary trees. For a patient with coronary artery disease, it takes around 5−10 minutes to process a patient depending on the complexity and severity of coronary artery disease. Figure 5 showed scoring of a lesion on proximal LAD according to the CatLet score algorithm.
Validation
The utility of this CatLet score for predicting outcomes and standardizing the angiographic data collection will be investigated in a series of clinical trials enrolling "all-comers" with CAD.
It will be evaluated for outcome predictions in a historic or prospective cohort of "all-comers" with acute myocardial infarction, unstable angina pectoris, and CTO in a single center or multi-center studies.
The first validation study has been conducted in acute myocardial infarction and registered at http://www. chictr.org.cn (ChiCTR-POC-17013536), which will be published soon.
Summary
The most important characteristics of this CatLet Adverse characteristics are defined as in the SYNTAX score. However, we only record these characteristics as "Yes" or "No", and do not assign values to them, which are different from the SYNTAX score (9) . In addition, we replace the "Diffuse disease/ small vessels" with anatomical description of native coronary trees. Stented, ballooned or calcified vessels indicate those ever treated or "calcified" vessels with non-significant lesions now (<50% stenosis). Trifurcation or bifurcation is according to the actual states of blood vessels involved, but not limited to the segment junctions designated in the SYNTAX score (9) . RCA, right coronary artery; LAD, left anterior descending artery; ATO, acute total occlusion; CTO, chronic total occlusion.
angiographic scoring system to be emphasized is that it is focusing on the variability in the coronary anatomy. The ultimate goal is to create a new coronary angiographic scoring tool so as to (I) accommodate the variability in the coronary anatomy; (II) to grade the severity and complexity of the coronary artery disease; (III) to standardize the coronary angiographic data collection and to facilitate the comparison and exchange of these data between different catheter labs; and, finally; (IV) to predict clinical outcomes in patients with CAD.
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